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A META-ANALYTIC STUDY OF PICTORIAL STIMULUS COMPLEXITY

has concerned itself with the practical utilization of communica-
tions technology in the instructional process. This focus has
created a large body of media research studies with discouraging
appraisals of the value of these media research efforts (Bracht,
1970; Cronbach & Snnﬁ, 1977; Dwyer, 1978; é]eming, 1970; Hawkridge,
1973; Heidt, 1977; Parkhufst; 1975). It has been suggested, as one
solution to these difficulties, that the pertinent variables in
media research be recenceptualized.

In 1965, Lumsdaine and May stated that educational media research
was a field frequeitly defined in terms of presentation modes rather
than on a more fundamental basis. Both Conway (1967) and Knowlton
(1964) observed that media researchers have made no consistent dis-
tinction between the sensory modaliZies involved in communication and
the coding svstems incarparated;iﬁ the message. Knowlton noted the K
regrettable mix of pictorial and verbal elements in audiovisual pre-
sentaticns and the lack of a carefully described unit of analysis,
specifically the pictorial iconic sign. This description, he con-
tinued, was essential to the development of a science of audiovisual
communication. In 1966, Norberg lamented that considerable audio-
visual resea .' ‘1t only with media preses -+ 'ans: jcan’. signs
had rareiy === an experimental variab™: v i=72 Levie clearly

specified that one area of media research Jiasis should be the
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symbolic codes of pictorial media. Levie was referring to the iconic
coding system which uses referent symbols (e.g., pictures) to commun-
icate, as opposed to the digital coding system (e.g., words and numbers)
which communicates by non-referent symbols (Littlejohn, 1978; Schramm,
1977).

Salomon (1974) argued that media need not be represented only in
terms of preser -ation techniques or technology systems (e.g., television,
computer-assisted instruction), but could also be represented as con-
sisting of messages (subject-matter content) or symbolic systems. This
last method of representation has received the least emphasis. In de-
lineating the potential éiements in a taxonomy of media attributes,
Salomon described a tentative hierarchy of symbol systems (e.q., digi-
tal, iconic), coding elements (e.g., dimensionality, iconicity), sec-
ondary coding systems (e.g., editing, sequencing), and such additional
features as complexity, redundancy, or ambiguity. In a review of
Salomon's analysis, Schramm (1977) acknowledged the desirability of
such a taxonomy, regretted that it was not close at hand, and admitted
that media researchers have “only the foggiest of ideas about the area
that Salomon is opening up" (p. 87).

Many of the conceptual difficulties in media research may be re-
lated to a decreasing link, déscribeg by Hi11 (1978), between commun-
ication theory and instructional media research. Mielke (1972) also
has noted thst " "4 enrogni trends and emphases ir inst  :ctional media
Fesearsh S a2 volved increased asso. - 1ucational
psychology and decreased association with general com.. aication theory

and research" (p. 358). Similarly, Allen (1971) concluded that the
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"broad field of communication research never became integrated with
the mainstream of instructional media research, and to this day these
related disciplines are taking different routes® (pp. 6-7).

Dance (1970) observed that the diverse fields involved in the
study of communication have created considerable looseness in the
definition of the concept of communication. Westley and MaclLean
(1974) found this TQD§éness counter productive, noting that there
exists a "jungle of unrelated concepts and systems of concepts . . .
and a mass of undigested . . . sterile empirical data" (p. 336).
Consequently, Mortensen (1972) considered the prospects unlikely
for a synthesized communication theory. Despite this deficiency,
many communication models possess certain essential commonalities
which can be directly related to instructional media research.
Deutschmann, Barrow, and McMillan (1961) considered the Shannona
Weaver (1949) mudé1 as directly applicable to the :}assrgcm. Berlo
(1960), moreover, observed that a comparison of the process models
generally indicated a great deal of similarity.

One basic area of agreement among the various déStPiptiVé>aﬁd
graphic modals of the communication process lies in the recognition
of the importance of codification and sign usage. Littlejohn (1978),
for example, described coding as a fundamental concern in the study
of communication and concluded that "essentially every theoretical
approach to communication takes place through the use of signs“ (p.
80). Salomon (1974) stated that one of the key steps in designing

instructional media is the séiéction of a symholic coding system
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which is "isomorphic . . . to the learner's symbolic mode of thinking”
(p. 401). According to Conway {1967), the translation of information
from one mode to another (coding) is a significant empirical problem.
The conceptualization of mgdia research variables in terms of codes
and symbol systems, as suggested by Conway (1967), Knowlton (1964),
Lumsdaine and ﬁay (1965), Norberg (1966), and Salomon (1974) would be
consistent with the calls for increased association of media research
with communication thecry.

The conceptual difficulties and conflicting results in media re-
search have had ramifications on the guidelines for the design of in-
structional materials. Levie (1973) concluded that "the lack of . . .
well-defined variables in pictorial stimuli has . . . hindered progress
in understanding what kinds of pictures may have whaﬁ kinds of effects”
(p. 40}. Two diametrically opposed orientations to visual design have
arisen from the concept of pictorial stimulus complexity, one element
in Salomon's (1974) proposed taxonomy.

Hoban, Hoban, and Zisman (1937) proposed that the instructional
effectiveness of visual resources depended in part upon the degree
to which they approached the reality of experience. According to Nor-
berg (1966), this notion helped set a pattern followed in the audio-
visual literature for thirty years. Travers (1964) noted that th
proposition had almost the status of a cornerstone in the audiovis.
field. Dwy: (1978) collectively entitled this set of thecretical
positions as ~he "realism" theories. Basically, these orientations

contend that the more nearly a visual representation resembles its
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referent (i.e., the higher its "iconicity"--Morris, 1946), the more
effective it will be for most instructional purposes. The realism
theories encompass Carpenter's (1953) sign-similarity hypothesis
and Dale's (1946) Cone of Experiences. Miller (1957) tied a basic
princiéie of stimulus-response theory, stimulus generalization, to
the realism position.

The relevant cue hypotheses represent the opposite principle.
These hypotheses ccnténd that a reduction of stimulus complexity is
beneficial for most learning (Hartmann, 1961; Levie, 1973; Miller,
1957; Rudnick, Porter, & Suydam, 1973; Travers, 1964). Travers
(1964) has suggested that "the emphasis on realism . . . is the worship
of a false God" (p. 380). The relevant cue position has its origins
in information theory and the concept af a limited channel capacity
in humans for processing sensory stimulation. The re]eﬁant cue idea
is congruent with Broadbent's (1958) conclusion that the perceptual
system functions as a single channel system accessible to only one
source of information at a time. According to Travers (1964), the
nervous system handles a wealth of detail by simplifying it.

Miller (1957) described the essential di1emmaginva1ved in the
two opposing positions. He noted that methods of directing attention
to the relevant cues will invariably in&oive a departure from strict
realism and come into conflict with the principle of stimulus gener-
a]izatiané Thus far, neither position has been fully supported by
- the research (Hedberg & Clark, 1976). Moreover, as Travers (1964)

pointad out, "The position of the research scientists and the
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designers of audiovisual materials are at such opposite poles that it

hardly seems possible that both can be correct" (p. 375).

RELATED RESEARCH

The predominant definition of pictorial complexity within the
perception research literature has been expressed in terms -of the
physical parameters of the stimulus. Efforts to quantify the com-
plexity of visual forms have produced a sizabie number of studies
describing precise methodologies for the generation of random shapes
(Attneave, 1957; Dember & Earl, 1957; Den Heyer, 1974; Den Heyer,
Ryan, & MacDonald, 1975; Hall, 1969; Stenson, 1966; Terwilliger,
1963; Vitz, 1966). However, it is more difficult to quantify the
physical dimensions of the pictorial content common to instructional
materials with this same degree of precision. Bergum& Flamm (1979) sug-
seste © Lhat bidimensional complexity measures, of the type employed
in the evaluation of random figures, may be inadequate o Judgir.
the Qampféxity of pictures with tridimensional characteristics: "A
complicating Tactor in the quantification of figural camp;;gzty is
the matter of how to evaluate depictions of animate objects" (p.
194); Moreover, the thematic complexity, the learner's subjective
impressions, or the illustration's function may be more important
considerations than the physicai parameters in judging instructional
effectiveness (Duchastel & Waller, 1979). Nonetheless, variations in

the amount of realistic detail, including color, have been the most
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frequently used method for defining pictorial stimulus complexity in
sti11 visuals of an instructional nature (Dwyer, 1978).

Many studies have documented the effects -7 nictorial complexity
on subject preferences in both the research 1ii{s-ature on perception
(Berlyne, 1958; Dember & Earl, 1957; Hershenon, Munsinger & Keesen,
1965; Vitz, 1966; Wright & Gardner, 1960), and instructional media
(Bloomer, 1960; Ibisgﬁ; 1952; Maclean, 1930; Rudisili, 1952). How-
ever, there is a fallacy in basing visual desian decisions on subject
preferences. Bloomer, 1960; Dwyer, 1971, 1978; Lumsdaine, 1963; O*to
and Askov, 1968; and Travers and Alvar~do " “70 have documented that
desired instructional outcomes have noi . .en consistent with the ex-
pressed preferences for a particular l1zvel of pictorial complexity.
The research results do suggest that at least iwo variables (subject

age or grade level, and amount of exposure time) interact with the

complexity of visual displays to produce diffeiential learning effects.

Subject Age

Studies have shown that rapid increases in pictorial learning
skills occur from preischqoi through the eiementafy years. The diffi-
culties of young children with pictorial materiais have been demon-
strated throvgh inadequate eye movement patterns (Mackworth & Bruner,
1970), and through problems in interpreting dimensional cues and
spatial relations (Asso & Wyke, 1970; Brown, 1969).

Elkind, Koegier, and Go (1964) have shown that parts of a picture

are perceived at an earlier age than wholes. This result is consonant

o
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with Piaget and Inhelder's (1956) finding that young children will
repraduce outlines accurately but will improperiy locate details
within a drawing.

Travers (1962) used subjects varying in age from four to twelve
years and discovered a tendency for ynung children to latch onto one
particular object in a picture when presented with repeated short
exposures, and to fail to observe other details. Travers also ob-
served a marked improvemant across age groups in the ability to report
dynamic features of an illustration. Moore and Sasse (1671) used sub-~
jects at the third, seventh, and eleventh grade levels and observed a
statistically significant difference across grade levels in the amount

of immediate recall eof picture content.

Presentation Pacing

Levie (1973) has suid that "whether it is advisable to reduce the
cues to only those which are crucial to the primary learning task . . .
or to provide additional cues . . . is largely a function of the amount -

of time allowed to study the display" (p. 41). Dwyer (1978) and his

of differant types of illustrations. These : :udie; indicated that with
fixed exposure times (e.g., experimenter-controlled slide presenta--
tions), line drawings have been mast effective, while with non-fixed
exposure time (e.g., programed instruction), realistic photographs

were more effective (Hedberg & Clark, 1976). Corroborating evidence

is rrovided by Hunter (1943), who found that the time recuired to
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learn information in a visual display is, in part, dependent upon the
complexity or quantity of information it contains, and by Grover (1974),
whose data revealed that the recall of comples stimuli improved sig-

nificantly as the duration of exposure time increased.

INTERPRETING THE FINDINGS

Several authors have attempted t» draw conclusions from the many
studies dealing witn pictorial complexity. Dwyer (1978)§summarized
his own systematic series of studies on color and realistic detail
in stili visuals and concluded that these variables are differentially
effective, dependisg on the type of learning outcome.

Oth r researchers have formed conclusions on the basis of only
partizl exemination of nonrandom and perhaps unrepresentative samples
of studies cn>the topic. Levie (1973) noted that research comparing
pictures varying in gross respects (e.g., photographs versus line
drawings) usually provide ny evidence of differences in learning.

The value of realism has been questioned by Boguslavsky (1967),
Attneave (1954), Devor and Stern (1970), Gorman (1973), and Rudnick,
Porter, and Suydam (1973). On the other hand, support for high
iconicity has been provided by Bevan and Steger (1971), Koen (1969),
Nelson (1971), Smith (1964), and Spaulding (1955, 1956). Stii?lathars
have provided evidence which is not so clearcut (Vandermeer, 1954;
Fonesca & Bryant, 1960). In reviewing the research findings, Huggins
and Entwisle (1974) declared that "more knowledge abcut the principles

of iconic communication is needed" (p. xi).

11
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With respect to graphics in instructional materials, MacDonald-
Ross and Smith (1977) concluded that research results have been
sufficiently confusing and contradictory and furthermore, that "some
kind of preliminary sorting-out is recessary before we can proceed
to a 'science of visual instruction'® (p. 5). Burton (19?9)?propased
a decreased emphasis on confirmatory research which tests hypotheses,
and has suggested that this "sorting-out" could be accomplished
through é;pl@rétary research which generates hypotheses through an

-examination of existing research data.

Through the years thare have been frequent calls for research
syntheses or integraticns (Broudy, 1970, 1972; Clark & Angert, 1980;
Kuhn, 1962; Petrie, 1976; Randhawa, 1978). Meta-analysis techn%ques
(Glass, ]97?) are the most recently developed methodology for accom-
pTishiﬁg research integration. Glass has suggested that these tech-
niques are particularly well-suited for résa?ving controversies
arising from conflicting research results. A more conservative
approach, however, would be to consider research integration as a

form of exploratory rather than confirmatory research.

STATEMENT OF THE PROBLEM

Two distinct but related problems have caused concern within the
applied field of educational technology. First, disappointment with
much instructional media research has created a sizable literature
deaTing with media research difficulties and with suggested improve-
ments. Inadequate conceptualization of experimental variables has

been frequently blamed for conflicting media research results. Second,
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concern has been expressed about the decreasing interre?ationship
between communicggipn theory ahd educational technology research.
-Many educational technslogy. researchers have failed to focus on
the commonalities that exist émong communication models. As a
result, some conceptual problems in instruction31 media research
can be traced to a Faiiure to define variables in terms peculiar
to communfcation‘theény!

One consequence of the above shortcomings is that guidelines
" for the selection and/or design of instructional materials are often
inprecise or contradictory. The conflicting positions of the re-
search scientists and the designers of audiovisual materials have
been pointed out.

One proposal has been to increase the emphasis on research
which generates hypgthesesi Research synthesis, or integration,
has been suggested as a methodology for impiéﬁénting this solution.
In addition, researchers have proposed integration as a necessary
first step in establishing new media directions. Research inte-
gration studiés which proceed with variables defined in terms com-

mensurate with communication models could help reaffirm the Tinkage

PURPOSE

The series of studies undertaken by Dwyer (1978) and colleagues
represents the only extended .and concerted investigation of pictorial

stimulus complexity as it relates to static instructional visuals.
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Since any conclusions on this topic invariably have leaned heavily
on the results of these investigations, an integrative review was

d2emed to be a usefui adjunct in guiding future empirical efforts.

) Further, although narrative style literature reviews have been quite

devailed, thorough, and informative (Dwyer, 1978), it was presumed
that a statistical integraf%bn as described by Glass (1977) would
add a degree of specificity to the numerous conclusions which have
already been drawn regarding this research. Finally, the basic
Tent data basc for testing the feasibility of applying. certain
meta-analysis techniques (Glass, 1977) to the entire body of

research in the ﬁgpic area.

METHODOLOGY

According to Giass (1977), the spirit af‘metasana1ysis is that
statistical methods aid perception, and the question therefore of how K
large a sample size is adequate for a metasanaiysis ought properly to

be rephrased to: "How many studies can be read and integrated without

tionships?" (p. 362). The number, he concluded, is probably quite
small. As proposed by Glass, the initial step in a meta-analysis is
the computation of a common measure of treatment effectiveness, known

as the effect-size. An effect-size is calculated most directly by
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taking the difference between a treatment and.control group mean and
then dividing this difference by'the control group standérd devia-
- tion. Although Glass described methods for recovering data and for
compﬁting estimates of effe;tssizes and "pseudo" effect-size values
invthe absencé Qf.some data, this preliminary investigation is Timited
to those studies containing data necessary for the direct computation
of effect-size measures.

§11 available published and unpublished repcrts.cf research in
this series were scrutinized for appropriate data and an attempt made
to recover original data where necessary. As a result of this delimi-

tation, complete data were available from iwenty-three publications,

A). Although Dwyer (1978) indicated that over 100 such studies have
been conducted, the age of the bulk of these studies thwarted further

efforts at recovery.
Procedure

A1l studies viere coded for subject grade level, type of treatment
illustration, color, type of criterion measure, time of testing (imme-
diate post or delayed post), and method of presentation (i.e., internally
paced as in programed instruction, or externally paced as in resea?chera
controlled slide/audiotape presentations). In addition, other variables
peculiar to particular studies (e.g., image size, student preferences,
1.Q., effects of prior kncw1edge) were coded. This coding procass was

greatly simplified by virtue of the similarities through all studies in

<
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terms of treatment content, criterion measures, and illustration
types. (For a more detailed description of these variables and
procedures, see Dwyer, 1978). The coding system was not signifi-
cantly affected either by medifications to treatment content,
illustrations, Dr.criterié; or by the omission of certain illus-
trations and criteria from some studjes.

A1l told, 1,329 effect-size measures were generated from the
available data, and the effect-size values, rather than individual
studies, served as the units of analysis. The large number of
effect-size measures from a relatively small number of studies was
a result of the method of computation. Each effect-size measure
was a compar1sen of a treated control grcup receiving verbal infor-
mat1an versus an experimental group receiving the same verbal infor-
mation with. the addition of an illustration. Since each measure was
computec while holding all other variables at a particular level,
studies incorporating mu?tiple‘i11ustratian types and several levels
of numerous additional variables yielded multiple effect-size measures.
The 1,329 effect-size measures represent about 4,800 treated. and
untreated subjects across five grade levels (grades 9-12, and college
level).

The relationships betue§n the effect-size values and the coded
variaBTEs were examined by aggregating mean effect-sizes across various

crosscuts of the data. In addition, in accardance with procedures

utilized for their descript1ve force 1in reveai1ng potential relation-

ships among the coded variables.

1 40 i
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RESULTS

-, By averaging the effect-size values across all studies and
1né1uding all types EF iTTustratjan;, criteria, and grade levels,
‘we can generalize a mean effect-size of 0.65, i.e., the average
subjécf receiving some form of illustrated t?eatmént was about
two-thirds standard deviation mdre impfaved in terms Qfllearning
outcome than the avéfage control group member receiving only the

verbal treatment. This relationship is depicted in Figure 1.

When the mean effect-size values and the coded variables were
examined separately by type of illustration, grade level, type of
criterion measure, type of pacing,zand color, the results depicted
~in Table 1 were obtained. The regression analysis revealed the
ﬁossibi1ity of interactions of grade level with the type of criterion
measure, as well as grade Tevel with the type of illustration. Two
examples of these potentia} relationships for exteﬁnaITy paced preszin-
tations utilizing black and white illustrations are presented in |
Figures 2 and 3. These data are consistent with the information
revealed in %abTé 1, and additionally describe fluctuations in mean
effect-size rankings for criteria and illustrations by grade level

changes.
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effect-size values give initial indications of crude interval distances
between the scaled entfies_ These findings are consistent with Dwyer's
(1978) conclusion that the realism continuum for visual illustrations
does not sucgessFuliy predict learning efficiency for all educational
objectives with all types of learners. Hoteover, the data also suagest
that it may be possible to impart a degree of‘specificity to the scale
hypotheses regarding the extent of superiority of one illustration

type Qvervanather. Such quantitative positioning may also afford the‘

opportunity for comparisons across continuums.

T . T T T T T

Dwyer (1978) has also concluded that in many instances the control
group was faund'tg be superior to the treatment groups:in achievement
on particular tasks, and for specific students. Without disputing the
validity of this conclusion, our analysis revealed that at Teast one
illustrated treatment (and usually more) in everyvgrade level by
criterion comparison proved superior to the verbal control group. Thus,
while there were several instances where negative effect-size values
were obtained, indicating a negative effect for some illustrated treat-
ments, there was at least one type of illustrated treatment that always
ranked superior to verbal treatment alone. Table 2 présents the results

‘of this analysis for externally paced presentations. The absence of
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The pateﬁtial utility, of the meta-analytic style of research
integratian mﬁy perhaps be assessed by brief zompaﬁiséﬁg of the
present;daté with a few prévfeus'canciusians drawn by Dwyer (1978)
andigthers. A vaﬁiety of realism or abstract/concrete Eahtinuuﬁs ”
havefbeen deveiqped taffeprgsent a proposed scale of effectiveness -
for instructional matériaisi These scales extend from oral éymba]s

(digital signs) at the highly abstract level to three-dimensional
objects (iconic signs) at the most concrete level. The implication
is that the most realistic representation (i.e., the most concrete)
will be most beneficial for mest instructional purposes.

Two points regafding these scales merit further analysis. First,

“the suggestion has been made by Wheelbarger (1970), Dwyer (1978) and

others, that a variety of visual continuums may exist depending upon
specific variables and conditions. Second, Haynie (1978) péinted out
that existing cantinuums attempt to relate the scaled entries on an
ordinal basis only, and not on an interval scale. Thus, inferences
as to the extent of separation between entries heretofore have not
been possible. Figure 4 presents findings from Qué analysis whizﬁ
speak direst1y to these points. By caﬁparing the three con! inuums
based upon mean effect-size values to Dwyer's visﬁa] continuum (a]sc
Figure 4), we can iTTustrate that a variety of continuums may indeed

exist, depending upon the Tevel of analysis. _Additibna11y, the mean
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negative effect-size values illustrates the superiority of an illus-
trated treatment.in every instance. Moreover, when we draw a hypo-
thetical division in Dwyer's visual continuum (see Figure 4) éuch
that illustrations 1-4 represent the least complex condit%ans and
illustrations 5-8 the most coinplex conditions, our comparison of
mean effect-size values indicates that:
(a) for externally paced ﬁresentatians, the most effective_
illustration was one of the Téast complex in every grade

level by criterion comparison (see Table 2), and

(b) for externally paced presentatinns, the least effective
illustration was one of the most complex in all but two

grade levels by criterion comparisons (see Table 3).

Table 2 also provides statisticai,suppart for Dwyer's (1978) conclu- |

sion that “for students in different grade levels, the same visuals
are not equally effecfive in increasing achievement of identical
educational objectives" (p. 95). As‘demonstrated by this table,
the most effective il1lustration for every criterion had the lowest

mean effect-size value at the college level.



Invariably, any comparative analysis of i]]ustraticnrefféctive-

" ness will lead to the persistent question of the value of color as a

Tables 2 and 3 with regard to this question hints at the potential

strength of the color cue. Color illustrations predominated as bLoth

the most and the Teast effective treatment presentation, providing the
highest mean effect-size values anx13 of 20 occasions and the Towest
mean effect-size values on 12 of 20 comparisons. Plausibly, color

may be either highly facilitative or highly interferent for accomplish-

ing given:educaticnai tasks. As yet, no discernible pattern of influ-

ence for either task or grade level is evident iﬂ>TaETES 2 and 3 with
respect to this variable. Dwyer's (1978) conclusions regarding this
issue are alternately bold and cautious. Consider these two quota-
~tions:

(a) "There is an increasing amount of empirical evidence which
tends to support the contention that the aﬁditign of color
in visuai-illustratiens does improve student achievement of
specific educational objectives" (p. 150);

(b) "For specific students and for specific educational objec-
tives, the vse of color in certain types of visuals presented
via the slide/audiotape Tormat appears to be an important
For other éducatiana] objectives, however, the added cost
of color may not be justified from the instructional effec-

tiveness standpoint" (p. 96).
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Althnugh Figure 5 suggests consistent supremacy of color 171ustratfnns
over their black and white cgunterparts when resuylts are genera11zed
acrass grade levels and criteria for externally paced présentat1nns,
the danger of overgeneralization at the macro level of analysis becomes

apparent when Figure 5 is compared with Figure 6. In the latter figure,

mean effect-size campar1scns are again presented for identical black
and white versus color illustrations, but within an interﬁaily paced
present§t1nn format. Additiona]iy, for Figure 6, the focus has nar-
rowed to a single criterion (the comprehension test), and to one
specific grade (the caliege TEVET)‘ As shnwn by the data, the yse
of color in this situation serves to increase the ineffectivences of
three types of 111ustrat1cns and to increase the gf?égtivénsss of a

fourth type.
CONCLUSTON

The data reported herein should bé regarded as only a preliminary
and partial investigation of the topic of pictorial §timg]us complexity,
and as such, our results are not conclusion érfented Although it is
likely that more thorough aggregation will mﬂdify these findings, the
data da provide indications of possible trends which may ultimately be
' sustained by more complete analyses, and which may help to generate

experimental investigation i the interim,




Since our analysis was limited to variables common to all studies,

" more finite analyses of specific studeﬁt attributes or treatment varia-

tions i3 not always feasible at the macro level of research integration.

However, this condition is not always restrictive, since a molar level

of analysis has genuine value for certain ]eveTs of educational de;fsicn

making. While important individual differences undoubtedly are obscured

where the specificity of information ic sufficient for generating hypoth-

eses for.further research.
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Table 1
Mean Effect-Size Values By Coded Variable

(In Standard Deviation Units)

Variéb?e o n Mean Effecta51zea

Iifﬁ;tratians - -

Simple Line Drawing (B&w) 235 ) ,51 + .06
Simple Line Drawing (color) 112 1.04 + .07
Shaded Detailed Drawing (B&W) 173 .76 + .05
Shaded Detailed Drawing (color) 112 1.19 + .10
Model Photograph (B&W) 135 46 + .06
Model Photograph (color) 112 .68 + .08
Realistic Photograph (B&W) 178 .39 + .05
R55115tic Fhutograph (gn1ur) 152 .39 + .06

Grade Leve157 , o
Ninth 190 1.00 + .06
"~ Tenth 406 .64 + .04
Eleventh 160 1.00 + .06
Twelfth 140 .80 + .06
Callege 433 .33 + .03
Cr1ter1a
Drawing Test o 73 .91 + .05
Identification Test 273 .63 ¢ .04
Terminology Test 261 .54 + .05
Cnmprehens1on Test 253 27 ¢+ .05
Presentat1an Pace
External = ] %2 .77 + .03
“Internal - R 357 T3+ .04
7 Ca1ar

Black and White o 721 59 4 .03
CDTar 608 72 + 04

aHith an indication of the approximate standard error of the

mean.

Thus, the interval indicated for each mean effect-size

value has a confidence coefficient of about two-thirds.



Table 2
tost Effective ITlustration for Externally

Paced Prasentations

-_ é%ade Lé§e1 | ) o
Criterion o wE e

Draving Test
Identification Test
Terminology Test

Comprehension Test

'7 Simple Line

Drawing (Bu)
ES = 2,60

Shaded Detailed
Drawing (color)
ES = 1.38

Shaded Detailed
Drawing (color)
ES= 1.0
Simple Line

Drawing (B8)
ES = .73

" Shaded Detailed

Drawing (color)
BS=2.00 -

Shaded Detailed
Drawing (color)
ES = 1,66

Shaded Detailed
Drawing (B&N)
ES = 1.3

Simple Line
Drawing (color)

ES=1.19

ES=1.21

ﬁhadeélbetai1ed

Drawing {color)
ES = 1.3

Shaded Detailed
Drawing (celor)
ES = 1.63

Shaded Detailed

Drawing (BAN)
ES=1.3

Shaded Detailed

Drawing (B&H)

Shaded Detailed

Drawing (color)
ES = .92

Shaded Detailed

Drawing (color) -

ES = 1.31

Shaded Detailed
Drawing (color)
ES = 2.88

Shaded Detailed
Drawing (color)
ES =1.19

Sirple Line
Drawing (BEH)
ES = .83

Simple Line
Drawing (color)
ES = 1.08

Simple Line
Orawing (B&H)
ES =30
Simple Line

Drawing (color)
£S = 56

Note. ES = mean effect-size value,

o treatnent group fn this grade level utilized realistic color photographs,
?Several treatments in this grade level with only one effect-size value,

e i

o e
e




Table 3 |
Least Effective Illustration for Externally
Paced Presentations

Grade Leyel

Crfterio D I o allege

Hodel Real{stic Realistic Mode? Realistic
Photograph Photograph Photograph Photograph Photograph
(B4W) (color) (color) (color) "~ {color)
ES=1,26 ES = .55 ES = .60 - B=.00 ES = .08

D}awing Teét B

Identffication Test Realistic Realistic Wodel Simple Line Realistic
Photograph Photograph Photograph Drawing Photograph
(B&H) (color) (color) (B&) (B&H) |
BSs.32 ES = .50 (§=.63 ES = .41 B=-00 -

Terninology Test Realistic Realistic Realistic Hode] Realistic
Photograph Photograph Photograph Photograph Photograph
{BEH) (calar) ~ (color) (calor) (colar)
ES= .15 B« BS=.2 ES = .86 ES = <35

Conprehension Test ~ Shaded Detailed  Mode] Realistic Realistic Realistic
Drawing Photograph Photogra:" liotograph . Photograph
(B8H) (B8W) (color) (B&H) (color) 1
ES=.2 ES = .76 ES = =,0] ES= .18 ES = .40 :

@g,Eégmmeﬁabﬂﬁvﬂ@. |
"o treatnent group fn this grade lavel utflized realdstic color photographs | -
bSevera] treatments in this grade Tevel with only ane effect-size value, |




Control Treated

———r —
50th %-ile 75th %-ile

of Control of Control

Average Effect Size: 0.65 oy
Standard Deviation of Effect Size: 0.82 oy

: Figure .. Normal curves showing the aggregate effect of illustrated
. treatments in relation to treated control groups.
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D!‘EWTHQ test meessscmc——
Identification test reemw—e
Terminology test s =s sc us
Comprehension test sasssssmzsans

MEAN EFFECT-SIZE

Figure 2. Mean effect-size values for black and white illustrations
by criterion and grade level. (For externally paced presenta-
tions.) o
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Appendix A: Publications Comprising the Sample

Arnold, T. C., & Dwyer, F. M; Realism in visualized instruction. Perceptual
and Motor Skills, 1975, 40, 369-370. -

Dwyer, F. M. Adapting visual illustrations for effective learning. Harvard
Educational Review, 1967, 37, 250-263. ™ -

Dwyer, F. M. An_experimental evaluation of visual-illustrations used to
omplement programed instruction. University Park, The Pennsylvani.
State University, University Division of Instructional Services, 19v7.
(ERIC Document Reproduction Service No. ED 019 871)

o Contains data found in:

Dwyer, F. M. The effectiveness of visual ilustrations used to comple-
ment programed instruction. The Journal of Psychology, 1968,
70, 157-162. - - o

Dwyer, F. M. The-relative effectiveness of varied visual illustrations in
complenenting programed instruction. The Journal of Experimental Edu-
cation, 1967, 36, 34-42. i T

Dwyer, F. M. The effectiveness of selected visual illustrations in teaching
science concepts to college freshmen. The Journal of Educational
Research, 1968, 61, 343-347. '

Dwyer, F. M. When 'visuals are not the message. Educational Broadcasting
Review, 1968, 2, 38-43.

illustrations designed to complemert programed instruction. Programed -
Learning and Educational Technology, 1969, 6, 147-153. '

Dwyer, F. M. The effect of varying the amount of realistic deﬁai? in visual

Dwyer, F. M. Effect of questions on visual learning. Perceptual and Mctor
Skills, 1970, 30, 51-54.

Dwyer, F. M. The effect of image size on visual learning. The Journal of
Experimental Education, 1970, 39, 36-41.

e Contains data found in:

Dwyer, F. M. An evaluation of image size as an instructional variable

on television. Unpublished Research Report, University Park, The
Pennsylvania State University, University Division of Instructional
- Services, 1969.
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owyer, F. M. Visual learning: An analysis by sex and grade level. Univer-
sity Park, The Pennsylvania State University, University Division of
Instructional Services, 1970. (ERIC Document Reproduction Service No.
ED 041 478) ~

® Contains data found in:

Dwyer, F. M. A study of the relative effectiveness of varied visual
illustrations. USOE Final Report, Project No. 6-8840, Grant Mo.
OEG-1-7--68840-0290. University Park, The Pennsylvania State
University, University Division of Instructional Services, 1967.
(ERIC Document Reproduction Service No. ED 020 658)

Dwyer, F. M. An exper%ment in visual learning at the eleventh-grade
level. The Journal of Experimental Education, 1968, 37, 1-5.

Dwyer, F. M. Effect of visual stimuli on varied learning objectives.
Perceptual and Motor Skills, 1968, 27, 1067-1070.

Dwyer, F. M. An experiment in visual communication. Journal of
Research in Science Teaching, 1969, 6, 185-195.

Dwyer, F. M. The effect of stimulus variability on immediate and
delayed retention. The Journal of Experimental Education, 1969,
38, 30-37. - o - - -

Dwyer, F. M. An experimental evaluation of the instructional effectiveness
of black and white and colored illustrations. Didakta Medica, 1971,
384, 96-101. f -

Dwyer, F. M. Color as an instructional variable. AV Communication Review,
1971, 19, 399-416.

Dwyer, F. M. The effect of overt responses in improving visually programed
science instruction. Journal of Research in Science Teaching, 1972,
9, 47-55. ' I ) -

Dwyer, F. M.- On visualized instruction effect of students' entering behavior.
The Journal of Experimental Education, 1975, 43, 78-83.

e Correctly entitled:
Effect of students' entering behavior on visualized instruction.

Haynie, W. J., III. The instructional effectiveness of realism and enhance-
ment of illustrations as related to visual continuum theories (Doctoral
dissertation, The Pennsylvania State University, 1978). Dissertation
Abstracts International, 1979, 39, 4666A-4667A. (University Micro-
films No. 7902608) S )

Joseph, J. H. The instructional effectiveness of integrating abstract and
realistic visualizations. The Pennsylvania State University, 1978.
Dissertation Abstracts International, 1979, 39, 5907A. (University
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